Introduction
In children, testicular tumors are uncommon, with an incidence of approximately 0.5-2.0 per 100,000 individuals, and comprise about 1-2% of pediatric malignancies. [1] [2] [3] One study suggested that testicular tumors may be more common in Asian than in Caucasian children. 4 However, only a few cases have been reported in East Asia. 2, [5] [6] [7] To understand the differences in the clinical manifestations and optimal management of various prepubertal testicular tumors, we retrospectively reviewed 34 children with testicular tumor over the last 25 years at Taipei Veterans General Hospital in Taipei, Taiwan. 
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Methods
Between February 1981 and December 2005, 153 patients were diagnosed with testicular tumor in Taipei Veterans General Hospital. Children younger than 12 years of age with adequate clinical and pathologic data were evaluated. Tumor review criteria included patient age at diagnosis, presentation, radiologic investigation and tumor markers. All patients presented with a palpable scrotal mass and underwent radical orchiectomy via an inguinal approach as initial treatment. The disease stage was determined according to the staging system used by the Children's Oncology Group: 8 stage I, tumor limited to the testes; stage II, microscopic residual tumor or persistent elevated tumor markers after complete orchiectomy; stage III, tumor metastasis to retroperitoneal lymph nodes and size < 4 cm; and stage IV, tumor metastasis to a site other than the retroperitoneal lymph nodes or retroperitoneal lymph nodes ≥ 4 cm. Relapse was defined as increasing serum tumor markers, or the appearance of radiographic evidence of disease during follow-up.
Over the 25-year period, the treatment of patients differed depending on the time of diagnosis. As shown in Figure 1 Outcome data including tumor histopathology, evidence of metastases, treatment modalities and survival were included. Statistical analyses were performed using the Kaplan-Meyer method. A probability level of p < 0.05 was taken as statistically significant.
Results
Between February 1981 and December 2005, there were 34 children (age < 12 years) who were diagnosed with testicular tumors, and they were enrolled in the study. Twenty-nine yolk sac tumors and 5 teratomas in the children were reviewed. The mean prepubertal patient ages at diagnosis were 19.8 months (range, 6-47 months) and 24.9 months (range, 6-84 months) for yolk sac tumors and teratomas, respectively. All 34 patients were followed-up from 2 to 283 months, with a mean of 139 months after treatment.
For the children with yolk sac tumor, all 29 had elevation of serum alpha-fetoprotein (AFP) at diagnosis. Serial preoperative AFP ranged from 60 to 66,641 ng/mL, with a mean of 6,537 ng/mL. As shown in Figure 1 , there were 2 stage IV children who had lung metastasis at diagnosis. One died of progressive metastasis 2 months later despite chemotherapy. The other survived without relapse for 112 months after radical orchiectomy and chemotherapy with PVB. Additionally, 1 stage III child who had enlarged retroperitoneal lymph node survived without relapse for 15 years after radical orchiectomy and chemotherapy with PVB. stage I yolk sac tumor had recurrence with elevated AFP after the treatment of radical inguinal orchiectomy only. Then, chest radiograph or chest/abdominal computed tomography were performed. As shown in Figure 2 , 2 patients with tumor recurrence in the lung were diagnosed 9 months and 11 months later, respectively, and the other 3 experienced recurrence over the retroperitoneum 3, 7 and 25 months postorchiectomy, respectively. These 5 children with tumor relapse received cisplatin-based combination chemotherapy. Additionally, 2 of 3 patients with retroperitoneal lymph node metastasis underwent retroperitoneal lymph node dissection for residue mass after 6 cycles of chemotherapy. These 5 children with tumor recurrence after radical orchiectomy were all alive without relapse, and the mean follow-up was 212.6 months (range, 175.8-255.6 months).
In the 5 patients with teratomas, all pathologic reports were of stage I mature teratomas. Neither tumor recurrence nor distant metastasis was noted during follow-up. The 5-year survival rates for yolk sac tumors and teratomas were 96.5% and 100%, respectively.
Discussion
Testicular tumors in the prepubertal population are fundamentally distinct from those in the adult population. Adult testicular tumors are frequently comprised of a mixed histology, and they are often malignant. 9 In contrast, prepubertal testicular tumors typically contain only 1 histologic type, and they are either benign or malignant equally. [10] [11] [12] [13] In our series, 14% (5/34) of prepubertal testicular tumors were benign testicular teratoma. The other 86% (29/34) of prepubertal testicular tumors were malignant and contained only 1 histologic type of yolk sac tumor.
Due to the rarity of prepubertal testicular tumors, the Section of Urology of the American Academy of Pediatrics (AAP) prompted the creation of the Prepubertal Testicular Tumor Registry (PTTR) in 1980, and Ross et al reported their most recent data on the demographics and natural history of prepubertal testis tumors in 2002. 14 In the PTTR, the most common prepubertal testicular tumors were yolk sac tumors, and the second most common were teratomas. There were some reviews of prepubertal testicular tumors in East Asia (Table 1) . Two long-term reviews for 30 and 27 years, respectively, from 2 Japan medical centers revealed that the most common prepubertal testicular tumors were yolk sac tumors. 5, 6 Additionally, there were 25 prepubertal yolk sac tumors and 24 mature teratomas in Beijing Children's Attached Hospital of Capital Medical University. 7 The largest multi-institutional report on prepubertal testicular tumors in Asia is from Korea. 2 There, 100 yolk sac tumors and 83 teratomas were recorded. In all of the above reports, the results were consistent with our report. The most common type of malignant tumor was yolk sac tumor, and the most common type of benign tumor was mature teratoma.
In yolk sac tumors, the epithelial lining of the cysts and tubules is the site of synthesis of AFP. So yolk sac tumors frequently secrete high concentrations of serum AFP, which is considered important in the diagnosis and follow-up of the tumors. albumin equivalent, and it is also produced by fetal hepatocytes. The concentration of AFP remains increased in all newborns until the age of 8 months (0-20 ng/ mL), so serum AFP cannot be used to distinguish a yolk sac neoplasm from other testicular pathologies during this early period of life. However, increased AFP was reported in 94.7% of yolk sac tumors and 30.4% of teratomas. 2 But none of our teratoma patients aged 6-12 months old had AFP levels > 100 ng/mL. These data suggest that infants younger than 1 year with AFP > 100 ng/mL should be presumed to have a yolk sac tumor. In most cases, serum AFP levels can be monitored postoperatively to reliably indicate testicular tumor recurrence during follow-up. 17, 18 If AFP levels do not decrease by the 5-day half-life after radical orchiectomy, residual tumor or metastatic disease should be considered. In our study, rising AFP concentrations were found in 5 children with tumor recurrence and correlated with the time of recurrence. Serum tumor markers play an important role in distinguishing among the different histologic types before surgery, and they are used to detect tumor recurrence or residual tumors after radical inguinal orchiectomy.
For stage I disease, active surveillance after radical orchiectomy can be followed without the need for adjuvant chemotherapy. 19 However, 10-25% of patients who received radical orchiectomy alone had a later relapse and subsequently died. 20, 21 Therefore, Liu et al 22 suggested that 2 or 3 courses of chemotherapy with PVB after radical orchiectomy for stage I prepubertal yolk sac tumor of the testis in children younger than 2 years was more effective compared with the standard treatment of radical orchiectomy alone.
A number of different cisplatin-based chemotherapy regimens, such as PVB and PEB (bleomycin, etoposide, cisplatin), have been used by the UK Children's Cancer Study Group. Many studies reported that, with current chemotherapy protocols, not only can all recurrences and metastasis be salvaged with platinum-based multiagent chemotherapy, 23 but survival rates for all disease stages approach 100%, and there is less morbidity. 17 In some studies, metastasis from yolk sac tumors in children are more likely to occur to the lung (20%) than to the retroperitoneum (4-6%). 17, 19 Routine retroperitoneal lymph node dissection (RPLND) is excluded for the treatment of pediatric stage I yolk sac tumor, and many metastatic lymph nodes may be remitted after chemotherapy. The relapse-free survival rate of stage I yolk sac tumor was not improved after routine lymphadenectomy. 24 In our series, only 1 stage III yolk sac tumor (3.4%) and 3 relapsed stage I yolk sac tumors (10.3%) had retroperitoneal lymph node metastasis. But the enlarged retroperitoneal lymph nodes in the patient with stage III tumor and 1 relapsed stage I patient were alleviated after chemotherapy, and RPLND was a needless operation in these patients. So, RPLND is not a routine operation for patients with retroperitoneal masses after chemotherapy.
Teratomas without pubertal change are uniformly benign in prepubertal testes. 25 As a result of their benign nature, testis-sparing surgery has evolved from radical orchiectomy due to there being no tumor recurrence with long-term follow-up. 12, 26 In our study, preoperative diagnosis of teratomas could not be differentiated from malignancy. All 5 cases received radical orchiectomy. In teratoma, frozen section is an important practice to confirm the diagnosis of benign or malignant tumor and ensure complete tumor removal. Frozen section can also assess the adjacent testicular parenchyma to determine whether or not there are pubertal changes. A teratoma with presence of pubertal changes by frozen section is considered to be malignant. So radical orchiectomy and surveillance protocols similar to those performed in adult patients with teratomas are necessary as teratomas can be malignant in pubertal children. 27 Because of the extremely low incidence of multifocal disease and there being no discordance between frozen section and definitive histopathology in several series, testis-sparing surgery is considered safe for teratomas without pubertal change. 28, 29 In conclusion, of all prepubertal testicular tumors, the most common malignant tumor is yolk sac tumor, and the most common benign tumor is mature teratoma. Serum AFP is a useful tumor marker to distinguish different histologic types before surgery and to detect tumor recurrence or residual tumors after radical inguinal orchiectomy. Most of the patients in this study with distal metastasis or tumor relapse survived without disease after cisplatin-based combination chemotherapy. Teratomas without pubertal change are uniformly benign, and they do not require further radiographic follow-up for local or metastatic recurrence after radical orchiectomy. Due to the small number of testicular tumor cases, a multi-institutional report on prepubertal testicular tumors with long-term follow-up is necessary.
